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Abs Jour : Ref Zhur - Knimiya, No 8, 1957, 26362

Author 3 M.M. Dubinin (I); M.M. Dubinin, Ye.g. Zhukovskaya (I:and. I1).

Title : Study of Porous Structure of Solid Bodies by Sorption Methods.
I. Analysis of Various Methods of Computation of Pore Volume .
Distribution. II. Comparison of Various Methods of Distribu-
tion Computation according to Volumetric Dimensions and Bur-
Pace of Pores of Sorbents with Typical Experimental Ma'terial.

Orig Pub : Zh. fiz. Khimi1, 1956, 30, No 7, 1652-166i; Yo 8, 1840-1351

Abstract : I. Various methods of computation of the distribution of the
' volume and surface of pores in accorddnce to their dimensions
in case of porous sorbents were compared on the basis ol ex-
perimental isotherms of vepor sorption. It is shown that; the
methods based on the theory of capillary condensation (C) and’
on considering adjustments for vapor adsorption practically -
differ very little one from another. The change in the sur-
face S, of a cylindrical pore with the increase of the layer
- thickness is not taken into consideration in the 1st yariation
of Dubinin's method, and in the 2nd variation it 1s taken : -
into consideration approximately but simply; the adjustments
1711; the volume V and for 1 in the methods 1 and 2 are intro-
:1 : "" i e . : : - . s

V Ca.rd.
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- duced on the basis of the experimental adsorption isotherm oo o ;
of the selected vapor on a non-porous adsorbent of the same 4 : f
chemical nature (quartz in case of silica gel, soot in case AT : !;
of active carbons, etc.); the point on the isotherm, 'at which T ' I
the hysteresis starts, is accepted as the lower boundary of o o ,

- the applicability of the methods 1 and 2, vhich is physizally - : i
Justified, if the departure point was the CC theory. It is S . ;,
noted that the computations by the method of Barrett~Joiaer- - . 1
Halend, which is the most rigorous from the point of view - , S T : “
of the assumed geometrical model of the sorbent, became very S |
cwibersome, and a series of simplifications, which are not. . R N |
Justified physically, are introduced to render the computation =~ -1 ;
easier. The methods, in which 1 is assumed to be constant ' in ERR I
the region of CC, are also discussed. - B e A
II. The distribution acording to the dimensions of the volume ~ = ; 5
and surface of pores was camputed by the methodas 1, 2, and 3 : o
using bibliographical data about the sorption of Ne at T6.19¢
on & relatively fine-porous aluminosilicate catalyst (Asc)' ‘
(p / pg 0.35 to 0.95) and the isotherms of CgHg sorption I
|
i

Card : 2/
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recorded by the authors at 20° on active carbon (AC) with a
developed tmnsition porosity (p / Pg 0.75 to 1.00). ‘ The . -
adjustment for the adsorption of No on ASC was computed using
the computation tables of the method 3, and the ad Justment - -
for CeHg .adsorption on AC was camputed using the adsorption
isotherm of CgHg at 20° on spenone-6 scotn. It is shown
that the computation results by all the three methods are '
close, and that the results by the 2nd and 3rd methods ave . -
practically the same. Of all the approximate methods, im .
which 1 is assumed constant (and, according to Dubinin,
corresponding to the value at the start of CC, but according:
to Olton, corresponding to the mean value of the CC regicm)
or equal to zero in the limiting case, the Dubinin's metlhod
yields results which are the closest to the results obtained
by rigorous methods. It is shown than among the rigorous
methods, the most preferable is the 2nd. The conclusion is
arrived at that the rigorous methods based of the CC “theury s -
should not be applied to silica gels and other sorbents 3 I : |
. Card : 3/ ' ‘ : R ’ B
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similar to them with a pore radius under 15 A in consequence. 5
- of the rise of adsorption potentials in fine pores (a '),

and that in case of apolar AC-3, where a4y is 8t11l . greater, R S

‘these methods are applicable only to the computation of the )

distribution of transition pores; the approximate methods :

mey be applied only at relatively uniformly porous sorbents

and on condition that the constant thickness of the adsorption:

layer is selected for p / Py enawering the most probable
efficiency radius of the sorbent pores. ) .
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SOURCE: AN SSSRH., Isv. Seriya Khimichagkeya, ne 8, 1!!8&.»1;5615-«15?3

| TOPIC TAGS: adsorptive properiy, gecondary pordus dtitoiute; adsorbent, l P
; molecular szeve, elementary crystal w‘xl ;aramater ;

1 - 'ABST‘HAC’I‘“ Fxperimental dadii A e muuumiwm miadi lga.ai
il aluate the efwrt of the aga parimeters af the cubic eldnie whary crystal cellp
D' quleies and on the adearption ea xacitv of type A zpo-
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_ of type & zeolites, based off & _
! ‘decouit the paramefers of thé. snpantary ery
relationships were found to be quite accuraty fo
of the major cavity: Va=200.0aqp - 1588A%, or Vipa =
Thus the calculated volume and the experimental adnorpling « sigarify nereised
noticeably as the elementary arystal cell para meter inerange 4. Superimeptal
data on the equilibrium adsorption of water afy NaA erystallire zeolites at %0 100C
and eguilibrium reiative pressulesd af su107Y —a10” 1 fully conlirm the patantil
theory of adsorption. Approximately 14 water molecules we @ adsorbed in a
major cell of the type A zeolite. Based on its geometry, & rinaor cavity could
contain 2-3 water molecules, wut baged on experimental data, ndsorption of
water in previously dehydratad crygtals of Nad zeolite tales piace only imthe
major cavity. Thus the rote of th;éfx:uinmtdaivﬁ“"‘és ti watd ¢ 2 ddoirption: Legtill fra
e be estabiished. "The authors thank Ye. N, Yegoroy - for che adizal anatyslg of the
zeclite samples and N, _G. Yi'ko for cemauatirg individusl ex seriments.’ Orig.

art:: haa: T tables, 2 figured apd # equations.
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TITLE: Investigation of the adsorption proparties and the s econdary pdi'd-ua b

' structure of adgorbenta functivming as molecalar sleves, Cornrnunicaticn 14

_eynthetic zgolites

“SOURCE: AN§SSR,’ fz;s& -Sakiys

Compoaition, adsorption proepurties and lirmit.ng adgorplion w whmw of tm:ier K

i TOPIC TAGS: type X zeolite, symthetic spalite, adsorpiipn mrogus str‘,z,,nmﬂ%. i
molecular sfeve, isornorphic gubstituytion slementary opll widipeter, hdborbption
igotherm o
ARSTRACT: The effect of varving composiitoneg of the altn opilicate shkbletor of
tvpe X svntheatic zeol:tes an the valurne of tha maior cavitie 3 pnd the wdadrptuon
nroneriies of the zeo Ies wad dereconined.  nothe Lvoe Bz o e the S5l Al

ratio n:) mav be varied from ¢ 2 to ! 3 due o the isomarpt ¢ aubstitution of the
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relaticnghip Ty ° 6,406 - 0. 0680vx-2, 00F, with o waried fegon 2 310 3.5 Thig the
volume af the maine cavily darrancpd as the seallte was afeic wi) {9 b thyy |

number of seneniary ooy b oo ar of dehwdrates daalo e ircreased  Tha
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 DUBININ, M, M.; ZHUKOVSKAYA, Ye,.G.; MURIMAA, K, 0,5 POLSTYANOV, Yo, S o

- Adsorption properties and the secondary porous struoture of
adsorbents having molsoular-sieve action, Report No, 7:
Volumes of the cavities of dehydrated orystals of mynthotie
z80lites of the types A and X f£illed up durimg a®sorption of
the vapors of various substances., Izv, AN SSSR Otd, khim,
nauk no,12:2113-2121 D 62, (MIRA 16:1)

1. Institut fizicheskoy khimii AN SSOR,
- j_(?bbliteis) * (Adsorptien)

i . i
A T T TR R IS NS TX T S FERRP SR I I AR E 0 I e T s R | LR | T AT I AE T T
ELTIRTTRE: bl TICNSE AR PR || KAL) R &) Saxsi] o R § M3 mEm i | § 1 il qt Hﬂm”f"mlﬂ” [sime AR AR In [1u gk CES TR B e A s L W TC0T G0 4 ek D bleq B il S 1 i
E Y i e e e e e e e B e e e T e Y R T AR S e A T S S AR R g Bl o) Nitina Bl sain 1 s H R e R
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DUBININ, M.M.; zauxovsxm\,"fre.cl.; zwxwm,'x.o. ~(Moac8g)
" Specific surface area of fine-pore absorbents.. Part 2: -
Inapplicability of the adsorption methods for:evalusting =~
the smcific surface area of fine-pore adporbents, fhur.fis. =
khim, 37 no.2:426-432 F %63, - . (MIRA 1635) .

1. Institut fimicheskoy khimii AN SSSR. =
o (Zeolites) T (Adsorption)

I3 S SO AT A I S e I ITET T T
PO ) S 10 £ 0 S £ 3 :'Y‘111:l1;_'5f7lﬂ‘lfﬁ!1n“nﬂ U] [l-l:l;ﬂ;.\ i
(REH Sr il AL 19 e BRI b | S T B G T I i E 13 2 HETAl
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i UAUTHORS: °  Dubinin, M. M.,_ZDQLglakaxg. Ye. c., Murdmaa, K. o.éi'

+PITLE:" © - Specific surface area oi‘ ﬁnely-poroun ndnorbente.

| ~ . 11. Uselessnegs. of adsorpbion methods for determini
' apecifio surfaoe area of finely-poroun ndsorhents §
4

;‘;ﬁERIODICAL:  ghumal fizicheskoy khimil, v. 31, no."z, 1963, 425

TTEXT Based on previoua work (Zh. fiz. khimii, 36, 180u, 1962) the
_adsorption igsotherms on fully dehydrated synthetic CaA, NaX and CaX‘
[ .1 . zéolite orystals were determined for nitrogen vapors at —195 ¢ and ifor -
A wéier at 20°C. The specific surface area values derived from the BET and’'
S uangmuir adsorption isotherm equations were similaz.. . The npecifiq g
E“s*tsuqfaoe areas were also calculated from the formulas S w a Nau, where a

ig ‘the capacity of the monolayer and N ths Avoga.dro num aer, and

@ = 4+0.866 (M/4Y2NQ)! /3, where M ig the moleculaxr wei.;ht and. g the
voluma denaity of the liquid phane. &)wan 16 2 for nltxogun and 10 3f

S e st

'f.“ Card 1/2
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‘were about 505 higher.

faot that neither the BET nor the Langmuir:equation permit an estinate .
of adsorption,fother'than.that>baaed on the occupied volume of the i ‘|

zeolite pores.-

' ASSOCTATION:

.. SUBMITTED:

i

i, December:29;}1961%‘_ .

i ;:;:-:i‘—.r*???’;%,;—;!"_{%""g"ﬁh_t-v_-.’:—ﬁ“r?:z
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- for water. The experimental surface areas did not differ much for nitr
" ‘and water, but .those obtained from the x-ray data by formal calculation
These differences are not due to the applidati

- . of the BET equation in -the special forms where n 1s'1 or o, but tq: the,

It is emphasized that the specific surface area concept | .
i3 neither necessary nor desirable for finely-porous adsorbents such ag " i
zeolites, activated carbon, ete. There are 6 figures and 3 tables, 7 |

Institut fizicheskoy khimil Akadenii haule 5SSR (Inatitute |
of FPhysical Chemistry of the Academy be Sclences USSR) -

B144/M180C
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~ ——DUBININ M M H ZHUKOVSKAYA YG.G.; NURDMAA K O.

Adsorption properties and seeondary porous atructure of adm
bents having molecular sieve effect, Report No,bs Adsorption

of nitrogen and water vapors on X-type zeolites, and the . ‘
potential thaory of adsorption. Izv, AN SSSR 0td,khim,nauk- 10,63 ¢ - -
960968 '62. oo 7 ‘ : (MIBA 15 8) :

1. Institut fizicheskoy kbdmii AN 8SSR.
: ) (Nitrogen) (Adaorption) (Zaolites)

TR e T LR LA
o1 ok g | TR
P A RN IR SO [ E (
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: Konstantin Vasil'evich Ckmutov ‘on h:ls 60th b:!.rﬂndmy' Zhur ﬂ.z.
khim, 36 no.4:923-921. Ap '62. ©o (MIRA 15=6)
(chnutov, Konstantin Vasil'evi oh, 1902-) .
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DUBIP'IN M.II., ZHUKOVSKAYA , Ye.G., VUR[MAA K.C. -

bt T

Adaorption propertiea and secondary ‘porous stt’ucture of adsorbenta

having molecular sieve effect, : Report No.5: Haximm adsorption
volumes of dehydrated crystals of type X nynthetic zeolites. :Isv,
AN SSSR. Otd.khim.nauk no.5-760-769 My 62, s (unm 15.6)

1. Inatltut. fizicheskoy khimii AN SSSR. ,
EEE (Zeo]ites) S

l
lﬁll i
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na ’//’8’____2‘ () 1) bxf' 'ﬂ taihia, Ted,

[Synthetic zeolites, preparation, investigation, a;ud uses]
‘Sinteticheskie tseolity; poluchenie, issledovanie i pri-
‘menende. Moskva) Izd-vo Akad. nauk SSSR, 1962, 286 p, -

' (l'.[IRA 15: 10)
1. Akademiya nauk. SSSR. Otdeleniye khimicheski.kh muk. _
: Komissiya PO tseolitam. : : , T Y,
, (Zeolitas) ;; j j o :

[t
BN EHEL
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g Job2/64/000/12/001 /00T |
amesss nin e o, Bk o G, Wurdaay. e Oy and |
ST Polstyanov, xeé .o , e o ; ‘ '

 study on'adaorpiidh prbberiihéahd;péobﬁdary?pbrééétiﬁbkurés}“;%_:;;

TITLE:
of adsorbents with & molecular sieve ef.?“""‘? Communication ' -
Vii. Volumes of the cavities of dehydrated prystals of ;
S synthet-ic,A,and X zeolites, which are filled by vapor . L
R adsorption of various gubstances . R b N
sssR. lavestiya. b.Otdél'_eniyé khimicheskikh' ‘

- PERIODICAL: Akadenmiva nauk
| 1062, 2113-2121

- , nauk, np.,12. _ ,
L pEXT: The_iso#hermal lines of the sorbtfdn‘of‘watpf‘ét'éo?c; nitrb&en;aﬁrf_ii.;;
O¢ were plotted for Nah, Caks NaX, and CaXl - /o

The adsorption: KT

) -195085 and benzene at 20 i
-~ geolites 4o determine the characteristic adsorption..values.
.volumes were determined: (1) by calculation from the isothermal equation .
(1zv. AN SSSRy otd. khim. n., 1958, 1169) developed on. the basis of the -
potential theory of adsorption; (2) by determining grap ically the = =

‘characteristic equilibrium pressure hg for each vapor before capillary’
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4 3

dsorption properties and“;..v”A . N
obtained in t\ﬁo di’ft‘erent 'ayé were

272 for NaA, 0.279*0 2B3i_

ax; "ith N2 at -195 G
and tith

‘l‘he values (v°)
- with H,0 at 20 C 0. 269 -;0.

'ﬂ;for cahy O 525 ~ 0.338 for’ Nax. 0.395 - 0,360 for c
“'3}0 287 for GaA, 0 556 - 0-540 for NaX'vO 549 -0 350,£or cax,
’-ff[c636 at. 2o c:0s 295 - 0.291 for uax, and 0. 300 s 0.501 foﬁ Gax.: o

* caloulation of the numer n 'of unit celle ‘with the’ com;oaition B e
_z[yﬂa 0.(1 - ¥)H,0° A1205'1°~1027.' and fhe moleculnr welght M per \mitiwei;gh@y

. of ‘the. zeohte crystal gave‘ for NaA x = 2 06 y = 0.—95, z = 5 91.
\M ‘o 1685, n-10 /g =.) 58; for CaA x ‘= 2 06y : ¥ = 0 93, z Rl 91y .
S M = 1654, 0:10. -20, . 3,645 for NaX: x = 2 96. y =0 9644 3 = 38 71.'
v im s 13171, n~1o'2°/g - 0.45T%. for Cax x = 2 96, ¥y 04 964, 2 = 385 11,

M = 12950, ne10 " /g = 0. 465.‘ The volume of the cavii.iaa fllled during k

Car; maximum adsorption, calculated from vc =V /n has tho- following Valuea

"Q'condenaation gets in.
_‘consistent (in cm’/g)

; z...,,..,,.k.,«___,......‘.........;x.w ks

e remmm e T T
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'AUTHORS:_“ ';“Dubinin, M.'m., ZhuKOVBkaya,
TIFLEs . . gtudy of adsorption propertiea and aeaonuary pore struchure
S of adsorbents ith m moleoular screen eflect . Co muntoatiqn»’
idsorption of nitrogen and water vapors 3n K—type zaolites,' S
nd the potential theory .0 f adaorption BN 2
—_Pmiomcmi B :mademlya pauk S85R. Javestiyes Ottkelrini‘ye khimicha}‘skikn S
/ .  f_’ pauk, NO- 6, 1962 960: = 968 Rt .i“ 1 Ql'”“ =
PEAT e ¥ dsorptiov jsotherms of nitrogen vapor (at ~195 C) d water vapor S
;(at 20 P"Bn dehy drated X’type]zqolites, in aodium and’ onlcium form, were LR
stuaied st A 10 -3 . 5-10‘11mm~kg., Diacusaion of the rasults 18 based of '
autnor's uotentinl theory (zn. fize ,k,hmn, 1551 &947); 1oid, 2
1129 (1949); Chom. Reve: 60, 235 (1960)) . - Renu ' ) The X typ 260
1ites belonl o the first atmotuml.ty‘pe (Dokl.
‘mherefore, toe_equation or ‘the adgprptio isothe 4
bon adsorbents applies to.1%. (2 ) The,
dnﬂ to the bollo

i porous oar
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Study of -adsorption properties ... . . B117/B10
i . zeolites as calculated on t
according to the potential C } air
characteristics of the stru v : ‘ = (3) The‘fmilli'mo'lé“
volumes (c'm3/mmole) _ ‘ ces coincide %ell with the - .
~millimole volumes of its liquid phases. This supports the gssumption that
substances in the adsorbed state have the same density.as in the liquid
phase.” (4) In case of water. adsorption on X type zeqlit-esfelect'rostqtic
-forces assist in increasing the éf‘.fiuity ’c'oefficiqnt‘ Sto 1.65 (‘F"-' .76
for the nitrogen standard). There are 4 figures and '3 tablesg, . ,

’ N . Lo ey iy e

. AS30CIATION: . Institus fizioagakdyﬁkhiﬁﬁi{Akathiijnggk 9SSR (Tnet
%N+ Physieal Chemistry of.the “Academy of Soier

ences USSR) -

.Es-lf’{~ ST
SUBMITTED: - Deceaber 27, 1961 -
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Moy and Zhukovakaya,.yéiic;“ ;o

on the oscaston of Mo

AUTHORSS Dubining M

B anatnntin Vasil'

. §0th birthday - . S
mii,,v..36,'n¢. 4,;)962;j923<;,924 .
. Chriutov was 60 yeers old on March 21, 196%. « He was pokn in :

_ Moscow and started his career in Bezhitsa at the zavod Krasnyy Profintdrn‘§

(Krasnyy pProfintern Plant). In 1926, a9 & gtudent of thu_ﬁoskovekoyeif o
. yyssheye gekhnicheskoy uchilishche (Mosoow'School of Higher mechniosl | <
‘Education) X. V. Chnmutov got in aurfaoe'phenomana. Proféaaér
§. A. Shilov asked Chmutov tovparticipate.in his studies.: K. V. Chmutov
~ was teaching at the lloscow School of Higher Technical Education'fbr.mote P
.. than 25 years. In 1940 he itted & digsertation ngorvtaionnyys: R
¢ yavleniya v kapillyarnykh‘aistemakh“ (Sorption phenomema. in capillary ' -
| ‘systems) for @ doctor's degree. ter a short time bo became & professore | . 4
ith M. M. Dubinin, he wrote the book "FiziKOukhimicheakiyp R \//~
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o LT 5/076/62/036/004/012/012
‘- Konstantin Vasil'yevich Chmutov. On eee’ . B105/B104 : R
;' osnovy protivogazovogo dela” (Physico-chemical fundamentals of gas defense). L
- From 1943 to 1950 he was Head of the Kafedra kolloidrioy khimii (Departmentrg o
of the Chemistry of Colloids). He studied the diffusion kinetics, the ; '
it " temperature dependence of the diffusion coefficient in the aysten polymer- ;.
{ v . monomer and the growth of vanadium pentoxide particles. At the Institut. |
.0 fizicheskoy khimii AN $SSR (Institute of Physioal Chemistry of AS USSR), a | -
. laboratoriya khromatografii (Laboratory for Chromatography was established - T
. at the end of the forties and K. V. Chmutov was put 'in charge of it, as : : -
~ well as of the Komissiya po khromatografii (Commission for Chromatography) |
at the Otdeleniye khimicheskikh nauk AN SSSR (Department of Chemical o
. "Sciences AS USSR). In‘this'laboratory,3physioo-chemical properties of the ; o
- ion exchange of sorbents are studied, chromatographio;procesées-aimulhted, ; w
and the requirements for producing chromatograms of noneguilibrium vorking
conditions of the ion exchange column are investigated. 1In the field of
producing spectrally pure salts, & new adsorption complex-formine method =
for the separation of metals mey be introduced. The following monnsraphs //ﬂ,

ECEyem—

-were published by X, V. Chmutov; "Tekhnikna fiziko-khimichaskogo'eksperie : )
menta" (Technique of the Physico~-chemical experiment), (iird edition 1954); v -
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Konstantin Vasil'yevich Chagtov. On ... g{gg%fgd/oz;ﬁ/om/m2/01? =
»'FPrimencniye elektronnyk e : e 2 R AT 1
: e onnykh priborov i skhem v fiziko-khimichaeken L :
igzi;do‘{ar}n" (Application of electronic 'devices andisbi:é\?}ilzugmr ico.
kh“cl)m:.:o leggarch‘} (1961);. "Avtomaticheskiye pribory v kblon:chn phydico-
an;l:i;sisgfr&(l?;g??s.com analize" (Automatic inb»trumentsfih colunn Eg?om tqg ioo
oLl as Deputy Chief Baitor of the zrek hyl 110 300Td of Bditoms we
vhlel Editor of the Zhurnal fizicheskov kndimss el
for ¥ al , fizicheskoy khim
omihysical Chemistry), In 1953, K. V. Chmutov was oientos: (Poziodical -
“enber of the AS USSR.' There is 4 figure. . . electe (2<>rresp“o:mi,j,ngf -8
L.
5 ‘[/:
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DUBININ, M.M.; VISHNYAKOVA, M.M.; ZAVERINA Ye.D, [dbbmauad]; S R -
ZHUKOVSKAYA, !'e.G.} SARAKHOV AT, R AR

1

Adeorption pwopertiea and aeoondary ut\ruotura of adeorbents

acting as molecular slever, Report No.4: OGranuloted avnthetib
. zeolites of type A. Izv. AN:SSSR, otd.khim.na.m’c ro.8$3367- o
- 1395 &g 61, | (IR 2sk)

1. Institut £3 mheakoy khimii An sssn..
. : (Zeolites) h
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DUBININ, M,M.; VISHNYAKOVA, M.M. ZAVERINA, Ya.Do}., ZWKQ‘(SB;AIA !e.G.;
IEONT'IEV Ye.A., LUK'IANOVICK, V.He3 SAHAKHOV AT, i

Adsorption propertiea and secondary yn'aua atruotm'e of adsorbenta L
acting as molefular. sieves. :Report No.lt Industriel speciments of;
synthetic z‘eolitee.» Imr.AN 85SR Otd. khim.nauk no.3:396—1(,06 M- 2())1.

. D vl %
l. Institnt ﬁzicheskoy khimii Akademii na.uk SSSR.. SR ey
(ZQQutea) Py R o
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AUTHORS: - Dubinin, M. M., Vishnyakova,M. M., gaverina, Tu. D.
; , (Deceased), Zhukovekaya, Ye. G., and jaraktor, A. L.

-

TITLE: " Investigation of the odsorpiion propattiss ‘and gesordary | . -
_pore structures of adsorbents having the sffeet of mioro- -~ U/
filters. Communication 4. Granulated synthebis zeolites 7
, of the A-type : ) T s R s s
- - S i B - N PHE i i .
- . PERIODICAL:  Akademiya nauk SSSR. ~ Izvestiya. ¢idsleniye khimiohieskikh - e
ERE nauk, no. 8, 1961, 1387-1395 S I SEEEE
TEXT: The authors investigated the adsorptien prop#rties, the seascndary o
" pore structures. of the grains and their apparent and gravimebris danaity- N
Granulated A-type zeolites obtained by Soviet solaniists at tre taginning i
of studies in the field of zaolite asynthesis, wera fuvaihigated. ‘A numbar . ‘
of specimens by Ya. V. Mirskiy (Mr) were naed, during the produskion of . }
which the pressure was repeatedly ochangsd, and ong ppesipan by AT R
B, A. Lipkind (Lp). The designation of the samplea le nemposed of she i
‘abbrevinted name of the producer and the gpeciman nurber given by him. ‘
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Tnvestigation of the adsorption... - BU1IT[B206 D
‘Two specimens each of granulated zeolites by the Amerlsan Tire of Linda (I) .
~ and (I1) in the form of grains with 1/8" diemater whre used foo comparison.
To the sodium form (NaA) belonged: Mr-296, Lp-202«F, Lihds 44 (I}, S
Linde 44 (II). To the calcium form (CaA) baionged:  M2-297, Mr-34T, R “
Mr-372, Mr-380, Linde 54 (I) and Linds 54 (II). The Lsctnerms of serpiion  — |
~and desorpiion of benzene vapors wers datermizned by amorpiicn acales dp{ - . g
vacuum. The speaific method for experiments with zs0lltes was previously : B
. described by M. M. Dubinin (Ref. 3: Izv. AN 9SSR Otd. khim. ne, 1961, .
» B 750). The iedthermsrdatermined{had generally ihz: sams character ag those . -
"~ " mentioned by thke authors, Yo, A+ Leonitysv and V. Mo Lukfyanovish oo R
(Ref. 2¢ Yav. AN 85SR.  Otd. khim. ne, 1061, 398}, Aditrpt ton Lsdiheiwe
of water vapors were measured by sorpticn scales {n vacuun for dirded :
comparison -of the adsorpition properties of granulated, gompletely: |
dehydrated zeolites. The secondary pore struoture .of the grains was
investigated by pressing in mercury, and accordingito the ;sorption mekhod.
Mercury porometry makes it possible to-determine tha diét:ibutionféf the
pore volumina according to their effeotive radii in tke rangs of

1’106 $0 15-25 R.,:From the isotherma of capillary:oondénsniion of vapors
Card 2/8 ' ' . : '
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Investigation of the adsorption... . S B117/B206 P

of substances, for which the pore structure of zaolite srystals (primary
porosity) is inaccessible, sorption volumina or the summiry pere volumina ;
~with effective radii below 100 R»might_eaaily be found, 'From theshk data - '
‘the total volume of the secondary pore siructure may be dalselatedi: In- - |
experiments with meroury, low- and high-pressurs Fore metsra were uged - . ;
(Ref. 4: M. M. Dubinin, A. I. Sarakhov and G. 4. Ryabikdv, zh, fip, - = ¥ i
khinii 32, 1404, (1958); Ref. 5: M. M. Dubinin, M.:M. Vishayakova, ;. - :
Ye. G. Zhukovskaya, Ye. A, Leont!yev, V. M. Luk'yannvicng A. T. Sarakhov,
Zh. fiz, khimii 34, 2019 (1960)). Zeolite grains whichk were in equilibrium
with the air humidity were applied. The main charanterissics of the :
secondary pore structure of zeolite grains are ligted in Tuble 3.  Table 4 -
- contains information on ‘the volums of the segendarygptreysb:ucture;§ When
- applying zeolite grains in practice, it s not the absernvive. power 16f tha '
unit of mass of the grains which is of vital imporbznce, but the unit of
volume of the grain layer.’ Therefore, the ccrrelaticn must be 23tablished
- : between adsorption properties as well ag apparent density of the zeolite
granules and the volume of their secondary pore stracture. This pzoblen
may be solved if composition of zsalite grairs and volums of the geoondary
pores are known from experimental data, "The 2alanlatsd r~d sxperimental
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characteristioc features of A-type zéolite grains are scapared wish each! |
other in Table 5. The values for the apparent grafny density agrsz2 well in 1
general. The deviations amount to a maximum of 2 3%, Tha cal-onlatad and L i
experimental maximum adsorption voluma for watsr ara glailar for NaA grains. ’
. For most of the CaA grains of Soviet and American ¢rigin. ina maxigum : l
adsorption volums are bslow the values oalsulabad from the “orystal ‘ocntent. .
A part of ‘the highly disperse zsolite arystals, f.:. fu Cad grains, 1a = |
obviously excluded from the adsorption preoceas for yat anilarified reassns.
The latter are being investigated at present, - Thea dompariscn 5f the - :
granulated A-type zeolites synthetized by Soviet sslentlels »ith = :
corresponding American specimens showsd tha’ =ith respast! to shedr o
adsorption properties they are only identieal at ins swefiae of aezondary
~pores. This concerns the acoessibility of the pore ‘atrusture of the
actual zeolite crystals for the adsorbable molecules, a3 wall as the :
adsorption of bigger molecules.. The zsclite grains irvestigatsd show -
sirongly differential volumina of the seaondary pore. atrapture. That ig
the main reagon for the fact that the apparent and ‘gravimetris density and
thus the adsorption properties of granulated zeolites ass different for !
the units of volume of the grain layers. The authars bthank B. A. Lipkind
|
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Investigation of the adsorption....i-.. sto.o ' 3117 3206

|7 references: 5 Soviet-bloc' and 2 non-3aviei-bloa. 4 7
.. to English-language publications read as follows: D. W. Bre_ok,
‘. W. G. Eversole, R. M. Milton, T. B, Read, T. L. Thomas, J. Amor.
" S00..78, 5963 (1956)
1072.T1958).,

-of, Physical Chemistry, AS USSR) .

'SUBMITTED: . Decemver 12, 1960,

“and Ya. Y. Mirskiy for supplying speoimens and experimental data on ' ' :
- “'appa : £ the grains, There are 2 figures; 5 tables, and:}

apparent dengities o ar - . M ted Teferended
Chem. -
; R. M. Barrer, W. M. Meier, Trmp;j?mr:{dny:&o‘c._:

© ASSOCIATION: Institut fizicheskoy khimii Akadepii nayk: SSSR (Institute
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U jumoRs:  Dubinin, M. K., Vishnyakova, . k., Zaverina, Ye. D.,

~ Zhukovskaya, Ye. G., Leont!yev, Ye. A.;i@Luk'a,ﬁnnovioh; V. YM.‘;
“and sarakhov, A I.. . S EARTENS S DI S

AT

. pITLE: - Study of ‘adsorption properties and struoture, %of'éeoou'dégy. b
e - poras of adsorbents having: the effect. of ‘molecular sieves. :
R’eprort‘ 1. Industrial samples of synthetic zealites ' v

~PERIODICAL: Tzvestiya Akedemii nauk SSSR. Otdeleniye khimicheskikh,
... - nauk, mo, 3, 1961, 396-406 . . . . 0

. TEXT: The authors studied some peculiarities of the adsorption properties \/ L
" of typical industrial samples of synthetic zeolites and th¢ structure.of !

_their secondary pores.  They ussd industrial samples. from molecular sieves ™
designed by Linde 4A (designated by MC-4A(MS-44)), and 54 (designated: by .
MC-5A (MS-5A)) in the form of 4-8 mm long grains with an average diameter
"of ©3.2 mm. Sorption isotherms and, in some cases, desprption isotherms .
of nitrogen vapors at -1959C, and water, benzene, and ¢yculohexane vapors |
at 209C were determined. A similar apparatus as that demoribed in Ref. 2
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»,(B. P. Bering, M. M. Dubinin, Ye. G. Zhukovakaya, A. 1n Snrakhov, and
V. V. Serpinskiy, Zh. fiz. khimii 31, 712, 1957) was appl‘ed._ To study ;
the structure of secondary. pores of MS-4A and MS-5A graim«, low- and high-' :
pressure porosimeters were uwsed. The latter was a redesignod device of
the NA-4 (PA-4) type (Ref. 5: T. G. Plachenov, V. A/ Alekshndrov, and -
G. M. Belotserkovskiy, Metody issledovaniya struktury vysoko-dispersnykh i
peristykh tel, Izd. AN SSSR, M., 1953, str. 59). For the electron- ' .
microscopic examination of the structure ‘'of secondary poras; the method of
single-stage carbon replicas was used. The pictures of carbon replicaa of
MS-4A and MS-5A taken by means of an Y3M-100 (UEM- 100): eloctron microscope .
. showed no marked differences. A thorough analysis of stereoPhotOgraphB o
indicates that there was no dense packing of the gzeolite crystals in the
"grains. There are interstices of the order of magnitude ofi amall cryatals,
. - i.e., some tenthas of a micron or some thousandths of an angutrom. Strong !
] enlargements show that the crystal surface is not emorphous. The studies L
' of MS-4A and MS-5A disclosed that the potenbial adsorption theory could be : ';,57
applied to them. As the authors had not obtained any expurimental datmp, - B
they used the results obtained by N. V. Kel'tsev, for wator vapor at 20° | '
and 80°C and at equilibrium pressurea P = 1 and 25 mn Bg, which had heen o
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imade available to them.. The measured'values of adaorptlon deviate from
“the calculated values. by.3 % at.most, . ‘Eq.. (1) exprésses the: temperature.
-dependence of the adsorption iaotherms satiafaotorilys' A

a- (W /v) exp [TB -ji (108 PS/P)Z]

. = limiting volume of the adaorptfon spaoe, whichiis equal  to’ tho
:o? ‘the micropores ‘of. the adsorbent; B = conatant depondant on the |
xdimensions ‘of -the micropores, which determine the indrease: of the ad
“tion 'potentials; B = affinity factor of the characteristio lines; %

‘y = yolume of:1 mM.of the .vapor. liquefied at the experinental temperatura
~T,-~.When considering:the structure of the ‘secondary ‘pores,; it was féund
that it may be quantitatively. desoribed by the. sorption. and morcuryI
‘methods ‘of measuring the pores. The oharaoteristics obtained for the..
‘pore structure of MS-4A and MS-54 are given in Table 4. . There are. | '
‘9 figures, . 7 tables, and 13 references: '12 Soviet~bloo amd 1 non-$0v16t€'
loc.. " - ‘ i R T
~ASSOQIATION:.{Institut fizicheskoy khimii Akademii nauk SSSR (Instii
S AR 'va%Physioal Chemiatry, Aoademy ‘of Soianoaa USSR) _
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' DUBININ, M.M.; VISINYAKOVA, N,M.; ZEUEOVSKATA, Te.G.; nnoumvm. Ie.A‘..
LUK'YANOVICH, V.M.j SARAXHOV, A.I. S T
Study of tha porous ntrm,ture of solids by aorption mathoda. L
Part 5: Use of different methods in the. study of tho structure <of
the intermediate pores and macropores of aetivatad om-bons. S

Zhur,.fis.khin, 34 no.9:2019-2029 s 60, (MIRA 13'9)

' 1. Almdemiya na.ul: SSSR Inatitnt fizicheakoy khimii. . ; 
L ‘ (Carbou, Activatotl) TR
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